Since an imaging plate ͑IP͒ is sensitive to electron, ion, and x rays, it can be used as a detector for laser plasma experiment using ultraintense laser. Moreover, an IP has the advantageous features such as high sensitivity, wide dynamic range, and high spatial resolution. Even though IP itself has a considerable wide dynamic range up to 10 5 , the IP data have appeared often saturated at an IP reading device. We propose a reading technique by inserting optical density filters so that an apparently saturated IP data can be saved.
I. INTRODUCTION
In fast ignition in laser fusion, [1] [2] [3] [4] it is significantly important to measure the accelerated high-energy electrons [5] [6] [7] [8] [9] as well as ions [10] [11] [12] [13] [14] [15] and x rays. [16] [17] [18] Thermoluminescence dosimeters, charge-coupled device cameras, CR-39 detectors, and an x-ray film are now widely used to obtain those signals. Recently, imaging plates ͑IPs͒ have been proposed as a new detector and have been used successfully. [6] [7] [8] [9] 16, 17 The IP has features such as high sensitivity, high spatial resolution, and wide dynamic range with a linear response. However when high flux particles such as hot electrons irradiate IP, the signal appeared saturated when the IP is processed using a reading device. This apparent saturation occurs often when the photomultiplier ͑PM͒ in the device is saturated. In order to recover the data from the apparent saturation, it is possible to improve the reading condition of IP in the device. Here we propose a new reading technique by using an optical filter without mechanical reconstruction of the reading device.
II. EXPERIMENT
The data processing of a recorded IP utilizes photostimulated luminescence ͑PSL͒ phenomenon as shown in Fig. 1 . In an IP reading device, the laser light of 633 nm irradiates the recorded IP. Then, the IP emits the PSL at 390 nm. This light is detected by a PM and is read as an IP signal. The PM saturates often with a strong input signal. In order to avoid saturation, the intensities of both 633 and 390 nm light could be attenuated. Our new technique in the reading process is to use neutral density ͑ND͒ filters. Both irradiating and emitted light intensities are attenuated by ND filters. The attenuation depends on the transmittance of ND filter. The type of optical filter we used is the so-called 10% transmission filter in a visible light region. The transmittance is confirmed by using a spectrophotometer to be 10.72% at 633 nm and 9.81% at 390 nm, respectively. From this result, the signal intensity could become 1.05% from the initial intensity by multiplying both transmitted values. The IP and the IP reading device are BAS-SR 2025 ͑Fuji Film͒ and BAS-1800 ͑Fuji Film͒, respectively. The spatial resolution of IP in this experiment is 200 m / pixel. For the calibration of this technique, the ␤ radiation source ͑
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Pm͒ is used to irradiate IP for 2, 4, 6, and 8 min. three different shots, which are identical. All the data are reproducible and the two curves are identical within a 0.05% error with a factor of 100. Intense data at 10 5 PSL can be transformed clearly into weak data at 10 3 PSL. When we apply this technique to an apparently saturated IP data, we could recover the data by reducing the signal on the PM detector set in the IP reading device. Figure 3 shows the cases with and without the ND filter when the IP data appears saturated. Figure 3͑a͒ is without ND filter case and shows saturation. Figure 3͑b͒ is with ND filter case and shows the recovered signal by using the ND filter transmittance. The IP signal intensity is saturated at about 1300 ͑PSL͒. However, when IP is read by using ND filter the attenuated peak value can be multiplied by 100 as the filter factor, resulting in near 2500 ͑PSL͒. In this way, the apparent saturated IP signal can be recovered when the PM is saturated. However, when the IP is saturated the IP should appear saturated no matter what filters are used. This technique is valid only when the PM is saturated.
III. SUMMARY
We proposed a new reading process of IP. The irradiating and emitted light intensities were reduced by the ND filter setting in the reading device. We used 1% attenuation by using a 10% transmittance filters for both irradiating and emitted light in the IP reading device. To test this technique the IP was exposed to a ␤ ray source at four different exposure times. The IP signals were successfully lowered by a factor of 100 using this technique for all the exposure levels. Using this technique we could recover the IP signal when the signal reading is saturated at the PM detector in the reading machine as long as the IP signal is not saturated . FIG. 2 . ͑Color online͒ This figure shows the relationship between the irradiation time and the signal intensity. The signal intensity means the integrated value within the area of ß ray source .   FIG. 3 . ͑Color online͒ ͑a͒ shows the saturated case. ͑b͒ is read with the ND filter and is recovered by allowing the transmittance of ND filter.
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